Background: Studies assessing Spanish smoke-free laws have found a decrease in second-hand smoke exposure, but the impact of such laws on general smoking trends is not clear. This study proposes to analyse trends in the prevalence of smoking in Spain, including changes by educational level, following the implementation of smokefree regulations (2005 and 2010) . Methods: Seven editions of the Spanish Household Survey on Alcohol and Drugs from 1999 to 2011 were used to analyse the standardised prevalence of daily smokers, the proportion of ex-daily smokers, and the average cigarettes smoked daily in both sexes and by educational level, among the population aged 15-64. The annual percentage of change (APC), and Poisson and linear multiple regressions were used to identify differences in terms of years and educational levels. Results: The overall prevalence of Spanish daily smokers decreased from 33.5% in 1999 to 30 .2% in 2011 (APC = À1.7% for men, APC = À1.0% for women). Differences between low and high educational levels in the prevalence of daily smokers and ex-daily smokers increased. For both sexes, the prevalence ratio (PR) of daily smokers was positive for the years before 2005 and negative afterwards. Conversely, for ex-daily smokers the PR in all years was lower than in 2005. The mean number of cigarettes decreased from 17.6 cig/day in 1999 to 14.2 in 2011 [APC= day 1.8 (95% confidence interval: day 2.2, day 1.3)]. Conclusion: Six years after the national smoke-free regulation was implemented, previously reported decreasing trends of smoking for both men and women persisted, while inequalities between educational levels increased in both sexes. 
Introduction
T obacco smoking is one of the biggest public health risks related to cancer and several other diseases. [1] [2] [3] Second-hand smoke refers to the exposure to environmental smoke generated by burning tobacco products-such as cigarettes or pipes-in public spaces. [2] [3] [4] [5] Tobacco legislations to ban indoor smoking in public places have been introduced in some countries, to protect non-smokers. 4, 5 In Spain, such a law was introduced in 2005, banning smoking in workplaces and all indoor public spaces, with certain exemptions in the hospitality sector, and it was modified in 2010 to also include all bars and restaurants. 6, 7 Several studies have shown that this regulation decreased the exposure to second hand smoke in public areas. 2, 5, 8, 9 Smoking regulations may also have some impact on smokers' behaviour, precipitating them to either quit altogether or reduce the number of cigarettes smoked. 10 However, a worldwide review showed conflicting evidence on the influence of smoke-free regulations on smoking prevalence. 11 Studies in Spain have also yielded varying results. 12, 13 Smoking prevalence has historically been higher in men than in women, with a later incorporation of women to tobacco consumption.
14 Moreover, socioeconomic factors like social class have also influenced the evolution of smoking prevalence, with upper classes being the first both in acquiring and quitting the habit. 14 Socioeconomic inequalities in smoking at the turn of the century had been documented in several international studies in Europe, including Spain; they showed higher prevalence and lower declines in smoking among those with lower educational level, [15] [16] [17] along with an increase of these differences. 15 Since the implementation of the 2005 smoking law in Spain some studies have assessed the Spanish comprehensive smoke-free legislation, especially concerning exposure to second-hand smoke, but despite some attempts, 18, 19 no studies have assessed long-term smoking behaviour. Thus, this work aims to analyse the impact of tobacco regulations on smoking trends in men and women and the differences in these trends by educational level.
Methods

Source of information
This research used the Spanish Household Survey on Alcohol and Drugs (EDADES) as the data source. EDADES is performed every 2 years, surveying the general population of residents aged 15-64. The seven editions included in this study were 1999, 2001, 2003, 2005, 2007, 2009 and 2011 , with a combined sample size of 132 520 individuals (women 50.8%). The sample is representative of the Spanish population living in family households. The survey used a threestage conglomerate sampling without substitution, including urban and rural population from all autonomous communities and cities. The first stage is the random selection of census tracts with a proportional probability according to the size of the tract. Then, a systematic random selection of homes is done. In the last stage, a person from each home is selected. The participation rate was around 50% in the seven editions, and this fact had been considered in the sampling estimation. EDADES survey is administered as two separate questionnaires: one by the interviewer and the other self-administered. Smoking variables were taken from the tobacco section in the self-administered questionnaire.
Description of the variables
Dependent variables were the proportion of daily smokers in the population (daily smokers), the proportion of daily smokers who have quit (ex-daily smokers) and the average number of cigarettes per day among daily smokers. A daily smoker was defined as anyone who reported having smoked every day in the last 30 days. An exdaily smoker was anyone who had ever been a daily smoker but had not smoked in the last 30 days. The average number of cigarettes was calculated only among current daily smokers, and referred to the last 30 days. Pipe and cigar only smokers (less than 1% of the smokers in each survey) were excluded from this analysis.
The main independent variables were the calendar-year of each survey edition and educational level. Educational level was coded into three categories-primary, secondary and university. The adjusting variables were age, self-reported health, living alone and economic activity status. Self-reported health was dichotomized into good (good and very good) and poor (fair, poor and very poor). Economic activity status was collapsed into three categories: working, unemployed and others (including students and domestic work).
Statistical analysis
All analyses were stratified by sex and the sample was weighted to take into account the complex study design; outcomes are reported weighted. The age-standardised prevalence of daily smokers, the proportion of ex-daily smokers and the average number of cigarettes smoked per day were calculated from 1999 to 2011, globally and by educational level, separately in men and women. Standardisation took as a reference the age distribution of the corresponding population in 2011.
For each smoking indicator and sex and education strata, trends over time were characterised using joinpoint regression models with the indicator as dependent variable and calendar-year as continuous independent variable [ln(indicator)= a + (calendar year)]. These models allow identifying changes in linear trends (joinpoints) and annual percent change (APC) for the entire period 1999-2011 (and the corresponding 95% confidence interval-95%CIÀ); APC expressing the intensity and the direction of the linear trend. When joinpoints were identified, an average annual percent change for the entire period 1999-2011 was estimated as the geometric weighted average of the APCs of the different linear segments over the period, with the weights equal to the lengths of each segment. APC is calculated as: APC=[exp()À1]100, where is the slope of the regression line. With this approach, the indicator value is assumed to change by a constant percentage of the value of the previous year (i.e. it changes linearly on a log scale). One advantage of characterising trends this way is that APC is comparable across scales (e.g. prevalence of daily smoking and number of cigarettes smoked daily). Statistical significance of APCs was assessed via t-test and the asymptotic normality assumption. 20 Differences between primary and university educational levels in the standardised prevalence of daily smokers and in the proportion of ex-daily smokers between 1999 and 2011 were also calculated.
Poisson regression models with robust variance were fitted to obtain the prevalence ratio of daily smokers and ex-daily smokers for each calendar-year taking 2005 as the reference (year prior to the enforcement of the first tobacco law in Spain). Linear multiple regression models were fitted to compare the average number of cigarettes per day for each year, with 2005 as a reference. The models were also performed separately by educational level. Regression models were adjusted for age, self-reported health, living alone, and economic activity status, and when not stratified also by educational level. These analyses were done using SPSS v.18. 21 
Results
Men had a higher prevalence of daily-smoking than women and this prevalence among those with primary education was higher for all years and both genders, except for women in 1999. Larger significant decreases in the prevalence of daily smokers were observed among both men and women with secondary and university levels of education, but not among those with primary education. No joinpoint was found in the trend analysis among daily smokers.
Concerning ex-daily smokers, the overall proportion increased over the study period from 23% in 1999 to 28% in 2011, although the increase was non-significant (APC = 1.6; 95%CI: À0.6,3.9), and it was also non-significant for men and women, separately (table 1) . A statistically significant upward trend of the proportion of exsmokers was found only among men with university education (APC = 2.6; 95%CI: 0.5, 4.7). No joinpoint was observed in any group.
The average number of cigarettes smoked per day registered a downward trend overall, from 17.6 cig/day in 1999 to 14.2 in 2011 (APC=À1.8; 95%CI: À2.2, À1.3). Mean cigarettes per day decreased during the study period among men and women overall (APC=À2.2; 95%CI: À2.7, À1.7 and APC=À1.2; 95%CI: À1.4, À1.1, respectively) and in all educational level groups, although for all of them, changes were lower for women than for men ( Differences in the age-standardised prevalence of daily smokers between low and high educational levels increased over the study period from 8.3% in 1999 to 11.7% in 2005 and 16.2% in 2011 among men. In women, these differences varied from À6.8% in 1999 to 3.2% in 2005 and 6.8% in 2011. Differences between high and low educational levels in age-standardised proportions of exdaily smokers were around 4% in 1999 (3.6% for men and 4.8% for women), while they increased to 8.5% (2005) (table 3) . Moreover, a higher number of cigarettes smoked per day were observed among both men and women in primary and secondary educational levels compared with those in university level (data not shown).
Discussion
The prevalence of daily smokers decreased between 1999 and 2011 in Spain, with women showing a significant reduction. Although smoking prevalence was higher before 2005 and lower thereafter, in 2005, there was not a marked change in the overall trend for either gender. The highest proportion of ex-daily smokers was reported in 2005, when legislative changes were being discussed. Differences in the prevalence of daily smokers and proportion of ex-daily smokers between primary and university levels increased over the study period in both sexes. The average number of cigarettes smoked decreased during the study period, this decrease being larger in men; however, an acceleration of the downward trend in women was observed from 2007 onwards.
These results do not support the concept that expanding smokefree areas results in any sudden change in the prevalence of smoking. However, it may have contributed to maintain the pre-existing downward trends in both sexes, observed in other Spanish studies. [22] [23] [24] An immediate change in the prevalence of smoking after the implementation of a nationwide regulation has been observed in some countries, 11 but in others, the implementation of a comprehensive smoking legislation did not seem to influence long term smoking trends. 11, [25] [26] [27] Previous studies in Spain were also contradictory, while Catalina-Romero et al. 12 observed a decrease in smoking prevalence rate in the working population, Regidor et al. 13 found mixed results by age groups. A retrospective study on long- Table 1 Prevalence of daily smokers, proportion of ex-daily smokers and mean number of cigarettes per day, from 1999 to 2011, and their Annual Percent of Change (APC) including its 95% Confidence Interval (CI), by educational level, in men and women (15-64 years term trends based on the Spanish National Health Survey registered a decline in the prevalence of smoking from 1945 to 1995 in men, while in women it was increasing. 22 Besides, a report also based on nationwide data 23 and a study using data from the city of Barcelona 24 registered a strong downward trend for men and a slower decline among women in the period 2000-2006, recently confirmed with data from 2011. 28 Although the trend in point prevalence is not impressive, the present study also shows a decrease of the prevalence among both men and women from 1999 to 2011, which would confirm the continuing downward trend of smoking prevalence in Spain. Furthermore, like in other studies it seems there have been changes in the smoking pattern resulting in a decrease in the number of cigarettes smoked. 12, 29 However, the acceleration of the downward trend in the average number of cigarettes smoked among women from 2007 could also have been related to the onset of the economic recession.
Analyses by educational level showed differences in this downward smoking trend, the decreasing pattern being clearer among both men and women with university education than in other educational levels and, as in other studies, 30, 31 our results indicate an increase of the differences in smoking between people of lower and higher educational levels (in favour of the latter) for both sexes, and especially among women. A higher proportion of exdaily smokers among men with a university education were also observed. Concerning the daily number of cigarettes smoked, after 2007 all groups reduced their consumption with the exception of women with a primary level of education in 2009. Increasing inequalities in smoking were already registered by socioeconomic position in a regional study in Spain at the turn of the century, 32 with variations by age group in men and women. A recent study in Spain 33 has found that differences by educational level in smoking prevalence started to manifest themselves in earlier birth cohorts in men compared with women, in conformity with the model of the tobacco epidemic, 14 and this could explain the differences in the evolution of inequalities in smoking trends between men and women observed in our study. Furthermore, our results suggest that general population antismoking strategies do not appear to favour any reduction of social inequalities in smoking, as those in the most advantaged groups would be the ones more likely to benefit.
One interesting result from this study is the peak in the proportion of ex-daily smokers registered in 2005 in both sexes.
An explanation for this could be that the debate on the smokefree legislation, that started before the regulation was approved, had some influence on attempts to quit among current daily smokers. 34 From the results of our study we cannot conclude that the peak in the proportion of ex-smoking was the result of this debate, because other demographic or economic factors could have affected the proportion of ex-daily smokers in 2005. 35 Moreover, it is important to note that our definition of ex-smoker considered anyone who had ever smoked daily but had not smoked in the last 30 days, so it is possible that in 2005, there was a higher number of individuals classified as ex-daily smokers who gave up smoking just for a few months under the influence of the debate.
Further limitations should be acknowledged in our study. One is that we used self-reported data on smoking that might have been affected by reporting bias, although confidential self-reporting is considered an accurate method to classify daily smokers. 35 Furthermore, we would not expect this bias to vary over the study period. Another limitation is related to the low response rate (50%) that, in any case, was homogeneous in the different survey editions. A further limitation concerns the cross-sectional design of the study. We calculated smoking and ex-smoking prevalence and mean of cigarettes in different population samples for each year and estimated rates could have been affected by smoking initiation and cessation at different time points. Also, the prevalence of daily smokers could have been affected by high mortality rates among daily smokers. 22 Regarding inequalities, our study has only analysed absolute differences between education levels, other inequality indicators not being considered. 30, 31 The fact that the 2005 legislation was not comprehensive, as some restauration facilities were not included, could be considered a further limitation; however, the 2005 legislation affected all other public facilities, thus having a wide coverage.
It is difficult to measure the exact impact of the implementation of a tobacco regulation on smoking behaviour because there are many other factors that can influence it. As Chapman 36 remarks, smoking behaviour is a complex outcome and the result of a combination of cultural, economic, organizational and educational factors. Thus, there are many other elements, such as other interventions, programs and former legislations that could have influenced the changes. Multiple and complex historical facts are necessary to predispose people to stop smoking and, as they do not occur in isolation, it is difficult to disentangle their individual effects. The 28/2005 regulation, which also included tobacco advertising, may be only one factor influencing recent smoking prevalence trends in Spain. It is also important to consider other factors, such as income (e.g. economic recession starting in 2007-2008), social class, and cultural proscriptions on smoking that may be relevant to the trend in smoking prevalence. Previously reported decreasing trends in smoking for both men and women persisted after the implementation of smoke-free regulations in Spain, without the detection of any turning point. A decline in the average number of cigarettes was also observed. Differences in smoking prevalence between lower and higher educational groups grew over the study period in both sexes, particularly in women, representing an increase of the inequalities in an important health risk factor. Antismoking strategies should focus on triggering smoking cessation attempts, especially among the most vulnerable groups (e.g. women in low educational levels). 
